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(71) We, MITSUI PETROCHEMI- 
CAL INDiUSTRIES LTD., a Japanese body 
corporate of 2 — 5, 3-chome, Kasumigaseki, 
Chiyoda-ku, Tokyo, Japan, do hereby declare 
5 the invention for which we pray that a patent 
may be granted to ns, and the method by 
which it is to be performed, to be particularly 
described in and by the following state- 
ment : — 

10 This invention relates to a multi-layered 
blow-molded bottie. 

Blow-molded botties made of polyolefins 
are known but they suffer from such defects 
as high gas-permeability, attack by organic 

15 solvents, lack of rigidity or poor transparency. 
All of these defects are ascribable to the in- 
herent properties of polyolefins and, in order 
to make up for the defects, multi-layered 
bottles have been prepared composed of a 

2^ polyolefin layer and a layer of anotiier thermo- 
plastic polymer such as polyamide. The multi- 
layered botdes are usually produced using a 
blow-molding apparatus including an extrusion 
device composed of an extrusion die 

25 having an annular extrusion orifice and a 
multiplicity of extruders connected to the die, 
an air injecting device for blowing the ex- 
truded tube into die form of a bottle, and 
partition molds. The starting polyamide and 

30 polyolefin are fed separately into the extruders 
and extruded towards the die, and then pass 
through the annular passage in die die. Fin- 
ally, they are extruded in a two-layered 
tubular fonn from the extrusion orifice. The 

35 extruded two-layered tube is held between the 
partition molds and confined therein. Air is 
injected into the confined tube, and the tube 
is blown into the form of a bottie. This 
method of producing multi-layered botdes is 

40 described in detail in Japanese Patent Publi- 
cation No. 23^5/69. 

However, because of poor adhesion between 
the polyoldSn and the polyamide, the layers 
tend to separate from each other and in a 



extreme cases, the botties so produced have .45 
poorer properties than the single layer botties ' 
and are of litde commercial value. 

The present invention provides- a multi- 
layer blow-molded bottie dn which the con- 
stituent layers are firmly bond^ to each other .50 
and which does not suffer the defects of smgje 
layer polyolefin botties. 

According to the invention there is pro^ 
vided a botide comprising at least one iayeir 
(1) of a polyamide and at least one layer (2) 55 
of a thermoplastic organic polymer composi*^ ' ' 
tion containing a polyolefin having at least oniig 
monomer grafted thereto, the monomer being 
lan ediylenically unsaturated carboxylic acid or 
an anhydride, ester, amide, mude or ihetk 60 
salt thereof, . , " 

Examples of polyolefins which can be lis^ 
in the present invention are homopolyniers <rf 
ethylene and propylene, copolymers of ethylene 
and prop^ene, copolymers of ethylene and 
1-butene, copolymers of etiiylene and l-hexene;, 
and copolymers of i>ropylene and li-butene. 

When polyetiiylene is used, it should prefer- 
ably have a mdt mdex (190^.) of at least 
0.02, and when polypropylene Is used, it 70 
shoiid preferably have a. mdt indiex ^O^Q) 
of at least 0,05. 

Specific examples of the monomer to be 
grated to the polyolefin (to be referred to 
as a graft monomer hereinafter) include 7^ 
ethylenically unsaturated carboxylic acids 
sudi as acrylic acid, methacrylic .acid, nfialdc 
add, fumaiic add and itaconic add; add'ai^y- 
drides ^such as maleic anhydride, aciylic anhy- 
dride, methaciylic anhydride and itaconic 80 
^ihydride, esters such as methyl acrylate, e^hyl 
aorylate, butyl acrylate, glyddyl aciylatei, 
methyl methacrylate, ethyl methacrylate," butyl 
methacrylate, ^ycidyl mechaciylate>' mono- 
ethyl malcate, diethyl mdeat^* monomethyl 85 
fumarate, diimethyl fumarate, mono-n-butj4 
itaconate and di-n-butyl itaconate; amides such 
maldc add monoamide, maleic' acid ' 
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diamide, maleic acid-N-monoethylamide, 
maleic acid^N^-diethylamide, maleic aad- 
N-njonobotylamide, maleic acid-N,N-di- 
butyiamide^ fimiaric acid monoamide, fumanc 

3 . add diBmide, fmnaric acid-N^-dicthylamkie, 
■ fmnaric acid-N-monobutylamide and fumaric 
acid-N>N-dibutylamide; imides such as 
malcMXude N-butyl malcimide and N-{Aenyl 
malcknidc; and metal salts such as sodium 

10 actylatc, potassiiim mediacrylate.^ Of these, 
niakic aiAydride and acrylic add are pre- 

The grafting of an unsaturated carboxylic 
add or a derivative thereof to a polyolefin 

15 is known. For example. Japans Patent Pub- 
lication No. 6384/64 describes the details of 
a method of mixing a polyolefin, a graft mono- 
mer and a catalyst simultaneously, and melt- 
ing the mixture homogeneously. There is 

20 another method which involves the addition 
of a graft monomer and a catalyse to a poly- 
olefin suspended or dissolved in a suitaWe 
solvent. In tiie present invention, the grafted 
ix>lyolefins to be used may be prepared by any 

25 mediods. ^ , . 

It is preferred that the amount of the ©raft 
monomer to be incorporated int the pdyolcfin- 
containing thennoplastic orgamc polymer com- 
position Siould be from 10"^ to 10% based 

30 on the total wdght of the composition contam- 
ing the grafted polyolefin. , ^. . 

In one prcfeircd embodiment of this mven- 
lion, a modified polyolefin to which a gt^t 
monomer is grafted in a high concentration 

35 is first prepared, and dien this modified poty- 
olefin is blended with a non-grafted polyolefin 
so that die amount of the grafted monomer 
contained in the mixture is 10-* to 10% by 
wd^. This is a good mcrfiod of conttx>lling 

40 die amount of the graft monomer. It is pos- 
sible, however, to graft a graft monomer m 
the desurcd amount without resorting to 
blending.. ^ , , 

In any case, it is necessary that the poly- 

45 olefin diould omtain a prcdctcnnined amo^ 
of the graft monomer in a fonn grafted to the 
polyolefin (hereinafter, this grrft monomer- 
c<mtaining polyolefin may sometimes be re- 
ferred to as a modified polyolefin). 

50 In order to achieve the objects of this m- 
vention, it is preferred to use J»M^ 
having maleic anhydride or acrylic aad grafted 
diereto. A polyolefin to which malac acid 
and styrenc are bodi grafted ds also useM. 

55 The espedally preferred amounts of acrj^ic 
add, maleic anhydride, and styrene are 0.1 
to 10%. by wdght. -.a 
A polyolefin to which both maleic acid and 
styrene aixr grafted and a mcdiod of its jro- 

60 paranon are described in die specification of 
Japanese Laid-Open Patent Firi>Iicatioii No. 

1^7/71. . ^ u , 

The pirferred combination of die poly- 
olefin and the graft monomer include modi- 
65 fied polypropylene prepared by graftmg 



maleic anhydride to pol>'propylene, and modi- 
fied polyethylene prepared by grafting maldc 
anhydride and styrene to polyethylene. 

Examples of the polyamidcs useful in the 
present invention are nylon 6, nylon 66, nylon 70 
II, or nylon 12, preferably those having a 
viscosity [230^0., 50 kg/cm^ measured using 
a FLOW TESTER (KOUKASHIKI- 
SHIMADZU) (0.5 mm 0, L/D='2)] of not 
more than 10* poises. If polyamidcs having 75 
too high a viscosity are tised, dicre will be 
a difi'erencc in optimum molding tempera- 
ture between the polyamide and die modified 
polyolefin. Thus, if die molding temperature 
of die die is set to suit the polyamide, the 80 
modified polyolefin tends to be degraded at 
that temperature. On the odier hand> die 
molding temperature is set to suit die modi- 
fied polyolefin, die flowabiUiy of die poly- 
amide is low, and the molding is likdy to 85 

The botde of this invention can be produo:a« 
for example, by the conventional molding 
method for multilayered botdes, such as the _ 
mediod disclosed in Japanese Patent Publica- 90 
tion No. 23635/69. ^ j. • 

Also, there can be used a method wherein a 
plurality of orifices are provided conoentric- 
ally, a plurality of tubes superposed cooccn- 
trically are extruded from each of the orifices, 95 
and the tubes are bonded to each odicr, fol- 
lowed by blowing. . 

In an alternative embodiment, a mum- 
layered pii>e of a modified polyolefin and a 
polyamide is first fabricated, and after cool- 100 
ing reheated so as to stretch and blow mold the 
pipe. 

In the production of the botde of this inira- 
tion, it is espedally preferred that the modified 
polyolefin layer and the polyamide layer are 105 
taken from the extruder in a state of bcii^ 
coalesced within the die. ^ 

The molding temperature diat is emidoyea 
in the present invention should be 200 to 
300°C. in the vicinity of the die. The mold- 110 
ing fails at temperatures lower than 200®C. 
while temperatures above 300°C are likdy 
to cause the decomposition of die polymers. 

In the multi-layered botde of dus invention, 
the diickness of die polyamide layer is W^a- 115 
ably 1 to 50%, more preferably 10 to 20%; 
of die thickness of the modified polyolefin 
layer. If the polyamide layer is made thidcer 
than this, the draw down of the molded ardde 
cannot be avoided, and it is difficuk to mold 120 
a botde of uniform thickness. Furdiennnrc, 
because of the low viscosity of die polyamide, 
it is impossible to raise the blow ratio. From 
an economic point of view, the tiiidoicss of 
the polyamide layer need only be such that the 125 
resulting botde has a suffidcndy kyw* gas- 
permeability. , . , , 

Since the polyoicfins are relativdy low m 
cost in spite of their poor rigidity, itis 
economically feasible to design the die so cat 130 
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the Thickness of the mcxiified polyolefin layer 
is rendered larger so as to maintain the mech- 
ajiical strength of the hlow-molded botde, 
and a thin polyamide layer is laminated' to 

;5 the modified polyoleJin layer. 

In the production of the bottle of this 
invention by blow molding, burrs consBsting 
of a mixture of the modified polyolefin and 
the polyamide arc inevitably formed, and must 

10 be recovered. It is petmissuble if the amount 

■: of the polyamide present in the recovered buars 
is. less than 5 % by weight. If the amount 
OS larger, a reduction in viscosity due to poor 
compatibility of the polyamide with the modi- 

15 fied poljrolefin. is cau^d to an undatable 
degree. The incorporation of less than 5% by 
weight of the polyamide in the modified poly- 
olefin not only does not affect the properties 
of the modified polyolefin adversely, but also 

20 tends to improve tiie adhesion between the 
modified polyolefin and the polyamide. If the 
recovery of the burrs is also taken into con- 
sideration, it is advisable to decrease the pro- 
portion of the polyamide used relative to the 

25 modified polyolefin. 

In the multi-layered blow molded bottle of 
this invaition, the inner layer may be a poly- 
amide layer and the outer layer a modified 
polyolefin layer, or vice versa* A bottle am- 

30 sisting of three layers is also effectave. It 
includes a sandwich structure in whidi a layer 
of a polyamide is interposed between two 
layers of modified polyolefin, a sandwfch struc- 
ture in which a layer of a mo^fied polyolefin is 

35 interposed between tvyo layers of a polyamMe, 
and a three-layered structure in which a layer 
of a modified .polyolefin is interposed between 
a layer of a noii-modified polyolefin (the onter- 
most or iimennost layer) and a layer of a 

40 polyamide (the innemiost or outermost layer). 
Botdes consisting of four or more layers are 
also possible. 

As.rwill be seen from the Examples and Com- 
parative Examples to be desciul^d bdow, the 

45 present invention exhibits the following out- 
standing advantages. 

By producing multi-layered hollow molded 
bottles using a polyamide layer and a layer 
of modified polyolefin, the defects of bottles 

50 produced separately from these materialis 
respectively are made up, andi only the merits 
of each of these materials are exhibked by the 
multi-layered botdes obtained, Fimhermore, 
the carboxyMc acid, carboxyiic acid ester, carb- 

55 oxyHc add amide, carboxyiic add miide or 
carboxyiic acid metal salt unit contained in the 
modified polyolefin increases compatabili'ty 
with the polyamide and thus increases the 
adhesion between these two layers. In par- 

60 tacdax, by laminating a thin polyamide layer 
to the modified polyolefin layer, the rigidity 
and transparency of the polyoldin layer aie 
increased, and its mechanical strength in- 
creased. Moreover, the difficulty of blow 



molding due to the properties of the poly- 65 
amide can be reduced! 

Botdes of this invention in which .the inner 
layer is a polyamide and the outer layer is 
a modified polyolefin are useful as receptacles 
for liquids consisting mainly of an organic 70 
solvent such as an aromatic compound, e.g. 
benzene, toluene, xylene, phenol, or styrene, 
gasoline, an aliphatic compound, e.g. kerosene 
or heavy oil. Bottles in which ihe inner layer 
is a modified polyolefin and the outer layer is 75 
a polyamide can 'be effectivdy used as recep- 
tades for foodstufEs in: aqueous solution form 
or wines and liquois and drinks which require 
resistance to pemieation of gas. Bottles having • ' 
a sandwich structure in which an interlayer 80 
of a polyamide is held between Myers of modi- 
fied polyolefin are suitable for use as lecep- 
tacles_ for inedidnes which require espedally 
superior resistuice to gas permeation. 

The amount of the nriodEfied polyolefin can 85 
be reduced by produdng a three-layered 
structure in which the innennost layer is a 
layer of a non-modified polyole&i, the inter- 
layer OS a layer of a mo<Med polyolefin, and 
the outeimost layer is a layer of a polyamide. 90 
Accordingjy, die cost of the material can be 
reduced, and the safety of the botde for food- 
stuff and medidnes can be enhanced. High 
density polyethylene not containing a st^ilizer 
can be used in preparing milk containers, and 95 
polypropylenes of some -grades can be used 
in preparing containers for medicines. 
^ In die following Examples and Compara- 
tive Examples, the properties of the botdes 
were measured as follows: xoo 

•1. Tensile strength 

ASTM D638— 64T 
Z Mdt index (MI) 

ASTM D12^8— 65T 
3. Adhesive strength 105 

Feci test This test involves peeling off one 
end -portion of a rectangular test piece having 
a size of 2.5 X 10 cm, and pulling it at a 
chuck speed of 50 mm/min. while the inter- 
chuck distance is maintained at 4 cm. The 110 
stress is measured by an Instroa tester. 

Example 1. 
Three parts by weight of polypropylene 
(melt index 1.0) having a molecular wdght 
of 600,000 to which 3.5% by wdght of aciyHc 115 
add had been gr^ed were mixed and melted 
within an extruder with 97 parts by wdght 
of polypropylene (melt index 0.5; Mitsui 
Polypro B220, registered trademaric of Mitsui 
Petrochemical Industries, Ltd.), and the mix- 120 
ture was fed into a die of a blow molding 
machine at 210^C. Nylon 6 (viscosity 4 X lO' 
poises, Amiran CM lOlil, registered trade- 
n^rk) was mdted in a separate extruder, and 
then fed into the die at 260PC Within the 125 
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dk were provided passages for the polymers 
in a concentric fashion, and ^the modified poly- 
propylene passed through the outside passage, 
Ld tiie nylon, through the inside passage. The 
modified polypropylene layer had an outside 
■diameter of 80 mm, and a thickness of 0.9 
mm. The nylon 6 layer had an outside 
diameter of 78.2 mm and a thickn«s of 0.1 
mm. The die lip had a diameter of 20 mm, 
and the core had an outside diameter of 14 
mm. A 500 cc, botde having ^^^^side 
diameter of 80 mm and a height of 155 mm 
was molded at a blow pressure of 6 kg/cm -g. 
The pioperdes of the botde are shown m 
Table 1. 



Example 2. 
The procedure of Example 1 was repeat«i 
except that polypropylene (melt mdex 1.5) 
having grafted thereto 0.15% by weight of 
acrylic acid was used instead of ™ P^^y" 
propylene mixture. The properties of Uie re- 
sulting botde are shown in Table 1. 

Comparative Example 1. — 
The procedure of Example '1 was repcatejl 
using non-modified polypropylene (Miisin ^ 
Polypro B220, registered trademark) Mitsm 
Petrochemical Industries, Ltd.) and nylon 6 
(Admiran CM 1011, die registered mdc- 
mark). The properties of die resultmg home 
are shown also in Table 1. 
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TABLE 1 





Example 1 


Example 2 


Comparadve 
Example 1 


Thickness of the botde (mm) 


1.0 


1.0 


1.0 


Thickness of die polypropylene 
layer (mm) 


0.9 


0.9 


0-9 


Adhesive strength Side portion 

(g/inch) 


500 


1,100 


0 


Weld portion of die bonom 








State of adhesion 


good 


good 


poor 


Buckling load (Kg)* 


40 


40 


30 


Tensile strength 








Stress at yield point (Kg/cm^ 


240 


240 


220 


Permeation (%) of the contents of 
the botde** 








Gasoline 


0.1 


0.1 


50 


Benzene 


0.1 


0.1 


30 



*The load required to collapse the botde. 
★★Determined after storage for one month at 23 ''C. 
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Example 3 and Comparative Example 2. 

Ten parts by weight of polyethylene ^i-zex 
5i202iB, registered nademark) to which 41% by 
weight of acrylic acid had been grafted were 
mixed with 90 parts by wei^t of polyethylene 
(melt index 03, Hi-zex 5i202B, «tradfemaik 
registered), and a bottle of 400 cc capacity 



was molded in the same way as set forth 
in Example 1 from this mixttn-e and nylon 6 
(Admiran CM lOl'l, regLstered tiudfcmark). 
The results are given in Table 2. 

The above procedure was crepeated except 
that 'the grafted polyethylene was not used. 
The results are also shown in Table 2. 
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TABLE 2 





X^louipic O 


Comp^tive 
Example 2 


Thickness of the bottle (mm) 


0.75 


0.75 


Thickness of thepoljrpropylene 

•lajfcr ^mni^ 


0.65 


0.65 


Adhesive strength 






Side portion (g/inch) 


200 


0 


State of adhesion of the weld 
portion at the bottom 


good 


poor 


Buckling load* (Kg) 


30 


20 


Tensile strength 






Stress at yield point (Kg/cm») 


230 


200 


Permeability of the contents of 
the bottle** (%) 






Gasoline 


0.1 


60 


Benzene 


0,1 


50 



*The load required to collapse the bottle. 
**Determined after storage for one inonth at 23''C 



Example 4. 
^ Two parts by weight of polypropylene (melt 
index ti.O) having a molecular weight of 

_ 600,000 to which 3 % by weight of maleic 

20 anhydride had been grafted were mixed and 
melted withdri an extruder with 98 parts by 
weight of polypropylene (melt index 0.5, 
Mitsui Polypro B220, registered trademark), 
and the mixture was fed into a die of a blow 

25 molding machine at 210°C Nylon 6 (viscosity 
4 X W poises, Admiran CM 1011, legis- 
tered (trademark) was melted an a sq>arated! 
extruder, and fed into the die at 2'10®C. Within 
the die were provided passages for the poly- 

30 mers in a concentric fashion. The modified 



polypropylene passed throizg^ die outside pas- 
sage, and the nylon,, through the ins^e pas- 
sage. The modified polypropylene layer had an 
outside diameter of SO mm and a thickness of 
0.9 mm, and the nylcm: 6 layer had an outeidc 35 
diameter of 78.2 mm, and a thickness of 0.1 
nun. The die M p had a diamecer of 20 mm, 
and the core had an outside diameoer of 20 
nun, and the core had an outside dS^eter 
of 14 mm. A botde of 500 cc capacity having 40 
an outside diameter of 80 mm and a height 
of 1«55 mm was molded at a blow pressiue 
of 6 kg/cm*-g. The properties of the result- 
ing botaie are given in Table 3. 
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Tj^or^rsU t Comparative Example 3. 

Fiy by^St^ mddc anhydride had been are shown also in Table 3. 
oafted was used instead of the polypropylene 
mixture. The properties of the resulting 
botde are shown in Table 3. 

TABLE 3 
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15 



20 







Example 5 


Comparative 
Example 3 


Thickness of the bottle (mm) 


1.0 


1.0 


1.0 


Thicloiess of the polypropylene 
layer (mm) 


0.9 


0.9 


0.9 


Adhesive strength 
Side portion (g/inch) 


3,000 


5,000 


0 


Weld portion at the bottom 
State of adhesion 


good 


good 


poor 


Buckling load* (Kg) 


40 


40 


30 


Tensile strength 

Stress at yield point (Kg/ cm'^) 


230 


250 


220 


Permeability of the contents of the 
bottle** (%) 

Gasoline 

Benzene 


0.1 
0.1 


0.1 
0.1 


50 
30 



*The load required to collapse the botde. 
**Dctermined after storage for one month at 23 °C. 



Example 6 and Comparative Example 4. 

A 40O cc. botde was produced by blow 
molding a mixture of 10 parts by wdght of 
polyethylene (Hi-zoc 5202B, register^ tt-ade- 
mark) to which 3% by weight of malac 
anhydride had been grafted and ^ ^y 
weight of polyethylene (mdt index 0.3, Ha-zex 
5202B, registered tradcmaik) and nylon ^ 



{Amiran CM 1011, registered tradcmark)in 
the same way as set forth in Example 4. The 
results are shown in Table 4. 

The above procedure was repeated except 
that the grafted polyediylene was not used. 
The properties of the botde arc shown m 
Table 4. 
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TABLE 4 





Example 6 


Comparative 
Example 4 


Thickness of the botde (mm) 


0.75 


0.75 


Thickness of the polyethylene 
layer (mm) 


0.65 


0.65 


Adhesive strength 






Side portion (g/inch) 


600 


0 


State of adhesion of the weld por- 
tion at the bottom 


good 


poor 


Buckling load* (Kg) 


30 


20 


Tensile strength 






Stress at yield point (Kg/cm^) 


230 


200 


Permeability of the contents of 
the bottle** (%) 






Gasoline 


0.1 


60 


Benzene 


0.1 


50 



*The load required to collapse the botde. 
**Detennined after storage for one month at 23 *'C 

^ . Ex ample 7. 9: X 10^ poises) was used as nylon 6. The 

The proc^ure of Example 4 was repeated adhesive sfirengSis of the bocdes (Stained are 

except .that the graft monomer used for modi- shown in Table 5. Odier physic^ .properties 

gang polypropylene was changed as shown in were almost the same as the results showa in 

Table 5, and Amiran CM lOlU (viscoaiy Table 3. 
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TABLE 5 



Graft monomers 


Adhesive strength 
of the side portion 
(g/mch) 


Methyl methacrylate 


100 


Glycidyl methacrylate 


IjOOO 


Acrylamide 


300 


Sodium aciylate 


100 


Acrylic anhydride 


ion 


Fumarlcacid 


1,500 


Itaconicadd 


1,000 


Diethyl maleate 


300 


Maleic add dimethylamide 


200 


Maleimide 


200 



10 



15 



20 



Example 8. 

Ten parts by weight of polypropylene (mole- 
cular weight 600,000, melt index 1.0) to which 
3% by wdght of styrenc and 31% by weight 
of maleic anhydride had been grafted was 
mixed and melted within an extruder with 
90 parts by wdght of polypropylene (Mitsm 
Polypro B220, registered trademaric of Mitsui 
Petrochemical Industries, Ltd.), and the mix- 
ture was fed into a die of a blow moldmg 
machine at 200°C. Separately, nylon 6 
(Amiran CM 1011, registered trademark) 
was mdted in another extruder, and fed mto 
the die at 270^C. 

Within the die were provided passage tor 
the polymers concentrically. The modified 
polypropylene passed throu^ the outside pas- 
sage, and the nylon 6 layer passed through 
the inside passage. The polypropylene layer 
had an outside diameter of 59 cm and a 
thickness of 0.6 mm, and the nylon 6 layer 
had an outside diameter of 95 mm and a 



thickness of 0.1 mm. The die lip had an inside 
diameter of 20 mm, and the core outside 
diameter was 18 mm. 

A 400 cc bottle having an outside diameter 
of 59 mm and a hd^ of 174 mm was 
produced by blow molding at a blow pressure 
of 6 Kg/cm^-g. The properties of the result- 
ing bottie are shown in Tabic 6. 

Example 9. 
The procedure of Example 8 was repeated 
except diat instead of the polypropylene mix- 
ture, polypropylene having grafted ther^ 
3% by weight of styrene and 3'% oyjm^ 
of maleic anhydride was used The I»op«^^ 
of the resulting botde are shown in Table 6. 

Comparative Example 5. 
The procedure of Example 8 was TCpcaim 
except the grafted polypropylene was not used. 
The properties of the resulting bottle arc also 
shown in Table 6. 
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TABLE 6 





Example 8 


Example 9 


Comparative 
Example 5 


Thickness of the bottle (mm) 


0.7 


0.7 


0.7 


Thickness of the nylon 
6 layer (mm) 


0.1 


0.1 




Adhesive strength (g/inch) 
rtiie side cortion^ 




120 


5 


Adhesive state of the weld part 
at the bottom 


good 


good 


poor 


Stress at yield point (Kg/cm^) 


40 


35 


25 


Tensile strength 








Stress at yield point (Kg/cm^) 


250 


250 


210 


Permeation of the contents of 
the bottle* (%) 








Gasoline 


0.1 


0.1 


0.1 


Benzene 


0.1 


0.1 


55 



*Detennined after storage for one month at 23 
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Example 10. 
^ One part by weight of polypropylene hav- 
mg a molecular weight of 6001,000 (melt index 
1.0) to which 47e by weigjit of maldc anhy- 
cfride was grafted was mixed and melted 
withm an extruder with 99 parts by weight 
of polypropylene '^tsui Polypro B220, melt 
mdex 0.5, registered trademark of Mitsui 
Petrochemical Industries, Ltd.), and the mix- 
ture was fed into a die of a blow molding 
^^^^ ^ylo» a>aianidd 

r?oo J^' ^^^^ trademark, melting point 
I'T'S C.) was melted in another extruder, and 
fed into the die at 210<>C. 

Within the die were provided passages for 



the polymers concentrically. The nylon 12 
layer passed through the outside portion of 
the passage, and the modified polypropylene 
layer through the inside portion of the passage. 
The nylon 12 layer had an outside diameter 
of &0 mm and a thickness of 0.1 mm, and the 
polypropylene layer had an inside diameter 
of 78 mm and a thickness of 0.9 mm. The 
die hp had a diameter of 20 mm, and the out- 
side diameter of the core was 14 mm. 

A 500 cc bottle was produced by blow mold- 
ing at a blow pressure of 6 Kg/on^-g. The 
properties of the resulting boMe are shown 
in Table 7 bdow. 



20 



25 



30 



TABLE 7 



Tiiickness of the vessel (mm) 
Thickness of the polypropylene layer (mm) 


1 0 
0,9 


Adhesive strength (g/indi) of the side 
portion 


2,000 


Adhesive state of the weld part at the 
bottom 


good 


BuddmgloadClvg; 


42 


Tensile strength 

Stress at yield point (Kg/ cm^) 


250 


Permeation of the contents of the botde* (%) 

Gasoline 

Benzene 


0.1 
O.I 



♦Determined after storage for one month atZS^C 



Example 11 and Comparative Example 6 
Ten parts of polyethylene to whidi 5% by 
weight of styrene and 5% by weight of maloc 
anhydride had been grafted were tmxedmdi 
90 parts by weight of polyethylene. A 400 _cc 
bottle was produced by blow molding the mix- 
ture and nylon 6 (Amiran CM 1011, regis- 



tered trademark) in the same way as set forth 
in Example 8. The results obtamed are shown 
in Table 8. . 

The foregoing procedure was repeatea 
except that the grafted polyefhylme was not 
used: The results are also shown m Table 8. 
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TABLE 8 





Example 11 


Comparative 
Example 6 


Thickness of the bottle (mm) 


0.75 


0 75 


Thickness of the nylon layer (mm) 


0.10 




Adhesive strength (g/inch) of the 
side portion 


100 


5 


Adhesive state of the weld portion 

at the bottom 


good 


poor 


Tensile strengdi 






Stress at yield point (Kg/cm^ 


230 


200 


Buckling strength 






Stress at yield point (Kg/cm*) 


30 


20 


Permeation of the contents of 
the bottle* (%) 






Gasoline 


0.1 


60 


Benzene 


0.1 


50 



^Determined after storage for one month at 23 **C. 
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Example 1'2. 

One part by weight of polypropylene hav- 
ing a molecular weight of 600,000 (melt index 
1.0) to which 4.% by weight of maleic anhy- 
dride had been grafted was mixed and melted 
within an extruder with 99 parts by weight 
of polypropylene (Mitsui' Polypro B220, regis- 
tered trademark of Mitsui Petrochemical In- 
dustries, Ltd.), and the mixture was fed into 
a die of a blow molding machine at 210°C 
Separately, nylon LI (RH^SAN RBSN, regis- 
tered trademark, melting point 1)85 °iC.) was 
melted in another extruder, and fed into the 
die at 210°C. 

Within the die were provided three flow 
passages concentrically. The innermost and 
outermost passages were used for passage of 
the mixture of polypropylenes described above, 
and the nylon 11 layer passed through die 
intexpassage. The three layers coalesced widi 
each other within the die or immediately after 
leaving the die to form a three-layered struc- 
ture. The outside polypropylene layer had an 
outside diameter of 80 mm and a thickness 
of 0.45 mm, and the inside polypropylene 
layer had an dnside diameter of 78 mm and a 
tWckness of 0.45 mm. The nylon 11 layer 



had a thictaiess of 0.1 mm. When the layers 
coalesced within the die, the Hp had a diameter 30 
of 20 mm, and the core had an outside 
diameter of 14 mm. 

A 500 cc botde having an outside Hj-ntrif-t'T 
of 80 mm and a height of 155 mm was pro- 
duced by blow molding at a blow pressure 35 
of 6 Kg/cm*-g. The propertiies of the botde 
are shown in Table 9. 

Example 13. 

One part by weight of polypropylene hav- 
ing a molecular weight of 600,000 (melt index 40 
1.0) to which 4yo by wei'^t of moleic anhy- 
dride had been grafted was mixed and melted 
within an extruder with 99 parts of polypro- 
pylene (Mitsui Polypro B2(20, registered trade- 
mark, melt index 0.5)3 and die mixtaiie was 45 
fed= into the interlayer of a (fie of a blow 
molding machine at 210®C 

Nylon 6 (Amiran CM 1011, registered trade- 
mark, viscosity 4 X 10* poises) was melted in 
another extruder and fed onto ine outside layer 50 
of the die. Within the die were provided three 
flow passages concentrically. Polypropylene 
passed through the mnennost layer, the modi- 
fied pol3^ropylene through the interlayer, and 
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the nylon 6 layer through the outermost layer. 
The three layers coalesced with each other 
within the die or immediately after leaving 
tiie die to form a three-layered structure. IJie 
outside nylon layer had an outside diameter 
of 80 mm and a thickness of 0.1, and the 
modified pol}Tropylene layer had an outside 
diameter of 79.8 mm and a thickness of 01 
mm. The polypropylene layer had an inside 
diameter of 78 mm and a thickness of 0.8 
mm. When the layers coalesced within the die, 
the die lip had a diameter of 20 mm, and the 
core had an outside diameter of 14 mm. 
A 500 cc bottle having an outside daameter 



of 80 mm and a height of 155 mm was pro- 
duced by blow molding at a blow pressure of 

^ Pol{^?J^yiene (Mitsui Polypro B220) used 
as die innennost layer of this bottle passed 
the Testing Method for " Plasuc Cwitainers 
for Infusion " in accordance with the Japanese 
Phannacopoeia under the admimOTauon of 
the Ministry of Health and Welfare, and 
proved suitable for use as contamcrs for 

medicines. , , i_ • ..j 

The properties of the bottle obtamed arc 

as shown in Table 9. 
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TABLE 9 



30 





Example 12 


T7v4mn1f* 1^ 


Thickness of the bottle (nun) 


1.0 


1.0 


Thickness of the layers (innermost/ 
inter/outermost) (mm) 


modified 

polypropylene/ 

nylon/modified 

polypropylene 

(=0.45/0.10/0.45) 


polypropylene/ 
modified polypropy- 
lene /nylon 
(=0.8/0.1/0.1) 


Adhesive strength 






Modified polypropylene/nylon 
(g/inch) 


2,000 


2,000 


Polypropylene/modified 
polypropylene 




no peel off 


Adhesive state of tfie weld portion 
at the bottom 


good 


good 


Buckling load (Kg) 


41 


42 


Tensile strength 

Stress at yield pomt (Kg/ cm^) 


250 


250 


Permeability of the contents of the 
bottle* (%) 

Gasoline 

Benzene 


0.1 
0.1 


0.1 
0.1 



♦Determined after storage for one month at 23 ''C 



Example 14. ^ 
Soybean oil was placed in ,the bottle 
obtained in Example 12, the botde obtained 
in Example 10, and a botde produced only 
from polypropylene (control), and stored for 
2:1 da^at 50°C., and the peroxide value was 



examined. The results obtained are shown m 
Table 10. The peroxide value express^ the 
degree of oxidation, and is drtermmed as 
follows: Potassium iodide is added to ti^ 
sample, and the liberated io^e is titrawd 
widi a solution of sodium thiosulfate. The 
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milheqmvalents of the consumed sodium thio- peroxide values show larger decrees of oxida- 
sulfate per kilogram of the sample are deter- lion. . ^ ® 

mined, and taken as the peroxide value. Larger 



TABLE 10 





Duration of 

storage (days) Control 


Example 12 


Example 10 


Peroxide value 
(M-mol/Kg) 


0 7.6 
21 16.0 


7.6 
9.0 


7.6 
8.0 



WHAT WE CLAIM IS : — 

1. A multi-layered blow-molded bortle 
comprising at least one layer (1) of a poly- 

10 amide and at least one layer (2) of a thermo- 
plastic organic polynier composition contain- 
ing a polyolefin having at least one moiiomer 
grafted^ thereto, the monomer being an 
ethylenically unsaturated carboxylic acid or an 

15 anliydride, ester, amide, imide or metal salt 
thereof. 

2. A bottle according to claim 1, wherein 
the thermoplastic organic polymer composi- 
^on is composed of a homopolymer of an 

20 olefin and the grafted polyolefin. 

3. A bottle according to claim 1 or 2, 
wherein maleic anhydride is grafted onto the 
polyolefin. 

4. A bottle according to claim 3, wherein 
25 maleic anhydride and styrene are grafted onto 

the polyolefin. 

5. A bottle according to claim 1 or 2, 
wherein acrylic acid is grafted onto the poly- 
olefin. 

30 6. A bottle according to any one of the 
preceding claims, wherein the polyamide 



layer (1) constitutes the inside layer of the 
bottle, and the layer (2) constitutes the out- 
side layer. 

7. A bottle according to any one of claims 35 
1 to 5, wherein the polyamide layer (1) con- 
stitutes the outside layer of the bottle, and 

the layer (2) constitutes the inside layer of the 
bottle. 

8. A bottle according to any one of claims 40 
1 to 5, wherein one layer (2) is interposed 
between two polyamide layers (1), 

9. A bottle according to any one of claims 
1 to 5, wherein one polyamide layer (1) is 
interposed between :wo layers (2). 45 

10. A bottle according to any one of claims 
1 to 5, wherein one layer (2) is interposed 
between one polyamide layer (1) and one layer 
of a homopolymer of an olefin. 

11. A bottle according to claim 1 substan- 50 
tiaily as hereinbefore described. 

J. A. KEAIP & CO., 
Chartered Patent Agents, 
14, South Square, Gray's Inn, 
London, WCIR 5EU. 
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